Noisy Clock Test Method and Apparatus 

TECHNICAL FIELD 

[0001] The present invention relates generally to electronic devices, and more 
particularly to electronic devices using an external clock. 

BACKGROUND 

[0002] Electronic devices are frequently driven by a clock signal. The clock signal 
provides a timing signal that causes electronic components to perform specific actions. 
For example, clock signals are frequently used by logic circuits to control the timing of 
reads and writes to memory devices, such as dynamic random access memory (DRAM), 
static random access memory (SRAM), electrically-erasable programmable read-only 
memory (EEPROM), read-only memory (ROM), and the like. 

[0003] Ideally, the clock signal has sharp transition edges, Le. 9 the clock signal 
transitions from a low state to a high state quickly and transitions from a high state to a 
low state quickly. FIG. 1 illustrates one example of a preferred clock signal 100 that 
transitions from low-to-high within about 0.5-1.0 ns and transitions from high-to-low 
within about 0.5-1.0 ns. Shorter or longer times may be used for other applications. It 
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is expected that the transition time will decrease as the size of the electronic devices 
decrease and processing speeds increase. 

[0004] During testing, these electronic devices are often placed in a burn-in chamber 
or other test environments in which an external clock signal is provided to the electronic 
devices. The external clock signals are generally heavily loaded, causing the clock 
transitions to occur more slowly. It is not uncommon for an external clock signal to 
require 100 ns or more to transition from low-to-high and from high-to-low. This can be 
particularly troublesome when the system clock is designed to operate at faster rates, such 
as a 7.5 ns or a 2.5 ns clock for 133 MHz and 400 MHz designs, respectively. 

[0005] Furthermore, to reduce the pin count required on the electronic device, clock 
signals are often compared to a reference voltage, such as V d d/2 rather than a 
complementary voltage in testing modes. The reliance on a reference voltage makes the 
external clock, and thus the electronic device operations, more susceptible to noise. 
Noise is commonly caused by other electronic devices that are being tested in parallel. 

[0006] For example, DRAM devices are frequently tested in groups wherein an 
external clock drives a plurality of DRAM devices. The heavy load on the external 
clock reduces the speed at which the external clock transitions from high-to-low and from 
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low-to-high. Furthermore, the noise generated by the other DRAM devices being tested 
may cause noise on the external clock. The noise on the external clock frequently causes 
the clock to transition early. This is referred to as a slope reversal. 

[0007] FIG. 2 illustrates one example of a problem that has been seen on an external 
clock signal 200. Preferably, the external clock signal 200 is compared to a reference 
voltage, indicated by dashed line 208. If the external clock signal 200 is above the 
reference voltage 208, then an internal clock signal is set high. If, on the other hand, the 
external clock signal 200 is below the reference voltage 208, then the internal clock 
signal is set low. Transitions from low-to-high and from high-to-low in about 100 ns are 
illustrated by the first three transitions. Noise on the external clock signal 200, however, 
may cause the external signal to transition prematurely, as illustrated by the slope 
reversals in region 210. When these slope reversals occur near the reference voltage 
208, the clock may cycle from low-to-high or high-to-low in a time period significantly 
less than 100 ns. Shorter or longer transition times may be seen, and other slope 
reversals may occur at different times in the signal. These shorter cycle times may cause 
the device under test to fail. 
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[0008] Thus, there is a need for a device and a method of filtering a clock signal 
provided to an electronic device. 
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SUMMARY OF THE INVENTION 

[0009] These and other problems are generally reduced, solved or circumvented, and 
technical advantages are generally achieved, by embodiments of the present invention, 
which provides an apparatus and a method of providing an external clock to an electronic 
device. 

[0010] In one embodiment of the present invention, a clock filter for an electronic 
device is provided. The clock filter includes a clock receiver electrically coupled to an 
external clock and an enabling circuit electrically coupled to the clock receiver. The 
clock receiver generates an internal clock signal and the enabling circuit disables the 
clock receiver for a first time period after detecting a transition on the internal clock 
signal. 

[0011] In another embodiment of the present invention, a clock filter for an 
electronic device includes a clock receiver electrically coupled to an external clock 
signal. The clock receiver generates an internal clock signal and a pulse generator, 
electrically coupled to the clock receiver, generates a pulse signal for a first time period 
after detecting a transition in the internal clock signal. An enabling circuit electrically 
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coupled to the pulse generator and the clock receiver disables the clock receiver when the 
clock filter enable signal is enabled during the first time period. 

[0012] In yet another embodiment of the present invention, a method of generating 
an internal clock signal is provided. This method includes the following steps, the order 
of which may vary: receiving an external clock signal, setting an internal clock signal 
high when the external clock signal is above a first threshold, setting the internal clock 
signal low when the external clock signal is below a second threshold; and maintaining 
the internal clock signal in a constant state for a first time period after the internal clock 
signal transitions from high-to-low or from low-to-high. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] For a more complete understanding of the present invention, and the 
advantages thereof, reference is now made to the following descriptions taken in 
conjunction with the accompanying drawings, in which: 

[0014] FIG. 1 illustrates an ideal clock signal; 

[0015] FIG. 2 illustrates a noisy clock signal; 

[0016] FIG. 3 is a block diagram of a first embodiment of a clock filter in 
accordance with one embodiment of the present invention; 

[0017] FIG. 4 is a logic table illustrating values of signals included in the block 
diagram of FIG. 3 in accordance with one embodiment of the present invention; 

[0018] FIG. 5 is a block diagram of a second embodiment of a clock filter in 
accordance with one embodiment of the present invention; 

[0019] FIG. 6 is a logic table illustrating values of signals included in the block 
diagram of FIG. 5 in accordance with one embodiment of the present invention; 
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[0020] FIG. 7 is a timing diagram illustrating the function of a clock filter 
corresponding to the block diagrams of FIGS. 3 and 5 in accordance with one 
embodiment of the present invention; 

[0021] FIG. 8 is a state transition diagram to enable the clock filter in accordance 
with one embodiment of the present invention; and 

[0022] FIG. 9 is a timing diagram illustrating an operation of the state diagram of 
FIG. 8 in accordance with one embodiment of the present invention. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0023] The making and using of the presently preferred embodiments are discussed 
in detail below. It should be appreciated, however, that the present invention provides 
many applicable inventive concepts that can be embodied in a wide variety of specific 
contexts. The specific embodiments discussed are merely illustrative of specific ways to 
make and use the invention, and do not limit the scope of the invention. 

[0024] The present invention will be described with respect to preferred 
embodiments in a specific context, namely the testing of a DRAM device. The invention 
may also be applied, however, to other electronic devices, such as other memory devices, 
processors, digital signal processors, access devices, and other electronic devices utilizing 
a clock signal. 

[0025] It is further noted that, unless indicated otherwise, all functions described 
herein may be performed in either hardware or software, or some combination thereof. 
In a preferred embodiment, however, the functions are performed by hardware circuitry. 
The hardware circuitry is preferably integrated into the electronic device, but may 
comprise a separate electronic component electrically coupled to the electronic device. 
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[0026] Referring now to FIG. 3, a block diagram of a clock filter 300 that receives 
an external clock signal and filters the external clock signal to create an internal clock 
signal having acceptable transition times in accordance with one embodiment of the 
present invention is shown. The clock filter 300 comprises a clock receiver 310, a pulse 
generator 312, a NAND gate 314, and an AND gate 316. The clock receiver 310 is 
electrically coupled to the AND gate 316 such that the output of the AND gate 316 is 
communicated to an enable input (EN) of the clock receiver 3 10. The clock receiver 3 10 
is further electrically coupled to an external clock signal 320, which represents the clock 
signal that is to be filtered. The external clock signal 320 may be, for example, a signal 
such as that illustrated in FIG. 2. 

[0027] The clock receiver 310 is electrically coupled to the pulse generator 312 such 
that the clock receiver 310 communicates to the pulse generator 312 an internal clock 
signal 322. The internal clock signal 322 is further communicated to the electronic 
device (not shown) as a timing signal. 

[0028] The pulse generator 312 is electrically coupled to the NAND gate 314 such 
that the output of the pulse generator 312 is an input signal to the NAND gate 314. 
Preferably, the pulse generator 312 generates a pulse signal approximately 5-10% of the 
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duration of the external clock signal 320 transition. For example, in a situation in which 
the external clock signal 320 transitions from high-to-low and from low-to-high extends 
for about 100 ns as illustrated in FIG. 2, the pulse generator 312 preferably generates a 
pulse signal A of a duration of about 5 ns to about 10 ns, i.e., about 5-10% of 100 ns. 
Shorter or longer durations of the pulse signal A may be used. 

[0029] The NAND gate 314 is further electrically coupled to a TMslowslope signal 
324 such that the TMslowslope signal 324 is an input to the NAND gate 314. The 
TMslowslope signal 324 is an indicator of whether or not the clock filter 300 is to be 
operated in a test mode or a normal operations mode. In the preferred embodiment 
illustrated in FIG. 3, a TMslowslope signal 324 having a logical value of "1" causes the 
clock filter 300 to operate in a test mode, and a TMslowslope signal 324 having a logical 
value of "0" causes the clock filter 300 to operate in a normal operations mode. 

[0030] The NAND gate 314 is further electrically coupled to the AND gate 316 such 
that the output of the NAND gate 314 is electrically coupled to an input to the AND gate 
316. The AND gate 316 is further electrically coupled to a clock enable signal 326 such 
that the clock enable signal 326 is an input to the AND gate 316. The clock enable 
signal 326 disables the generation of the internal clock signal 322. It is desirable that the 
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electronic device disable the clock, in some situations, such as, for example, as a 
power-on state, a power-savings state, and the like. In these situations, the clock enable 
signal 326 may be set low to disable the clock receiver and hold the internal clock signal 
322 in a steady state. 

[0031] The operation of the clock filter 300 will be discussed with reference to 
FIGS. 3 and 4. FIG. 4 is a logic table corresponding to the block diagram illustrated in 
FIG. 3, wherein signal A represents the pulse signal between the pulse generator 312 and 
the NAND gate 314, signal B represents the signal between the NAND gate 314 and the 
AND gate 316, and signal C represents the signal between the AND gate 316 and the 
clock receiver 310. 

[0032] In operation, the external clock signal 320 is communicated to the clock 
receiver 310. If the clock receiver 310 is disabled, i.e., signal C is low, the clock 
receiver 310 preferably leaves the internal clock signal 322 in its current state. If, 
however, the clock receiver 310 is enabled, i.e., signal C is high, the clock receiver 310 
compares the external clock signal 320 to a reference voltage or an inverted clock signal 
(not shown). Preferably, the reference voltage is about one-half of the constant voltage 
source (V dd ). If the external clock signal 320 is greater than the reference voltage, then 
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the clock receiver 310 causes the internal clock signal 322 to be high, and if the external 
clock signal 320 is less than the reference voltage, then the clock receiver 310 causes the 
internal clock signal 322 to be low. 

[0033] The internal clock signal 322 is communicated to the pulse generator 312 and 
the electronic device (not shown). Upon detecting a change in the internal clock signal 
322, the pulse generator 312 generates a pulse, i.e., pulse signal A, of a predetermined 
duration, preferably 5-10% of the duration of the transition of the external clock signal 
320 from high-to-low and from low-to-high. In the example discussed above in which 
the duration of the transition of the external clock signal 320 is about 100 ns, the pulse 
generator 312 generates a pulse of about 5 ns to about 10 ns. Shorter or longer durations 
may be used. 

[0034] The pulse signal A generated by the pulse generator 312 is an input to the 
NAND gate 314. The other input to the NAND gate 314 is the TMslowslope signal 324, 
which causes the clock filter 300 to operate in a test mode. The output of the NAND 
gate 314 will be low when the TMslowslope signal 324 and the pulse signal A are high 
and will be low in all other circumstances. 
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[0035] The signal B is input to the AND gate 316. The other input to the AND gate 
316 is the clock enable signal 326, which enables the internal clock. The output of the 
AND gate 316, Le., signal C, is high when signal B and the clock enable signal 326 are 
both high, and low in all other circumstances. Thus, the clock receiver 310 is enabled 
when signal B and the clock enable signal 326 are both high. 

[0036] As illustrated in FIG. 4, signal C is low whenever the clock enable signal 326 
is low, causing the internal clock signal 322 to be held in a steady state. It should be 
noted that there are only two logic conditions for the situation when the clock enable 
signal 326 is low because when the clock enable signal 326 is low, the internal clock 
signal 322 maintains a steady state, and thus, a pulse signal A will not be generated. 
Accordingly, when the clock enable signal 326 is low, the TMslowslope signal 324 has 
no effect on the clock filter 300. 

[0037] When the clock enable signal 326 is enabled, Le. 9 the clock enable signal 326 
is set high, the clock receiver 310 is enabled and an internal clock signal 322 is generated 
in all logic conditions except when the TMslowslope signal 324 is high during the 
duration of the pulse signal A. In this situation, the output of the NAND gate 314, Le. 9 
signal B, is low. Signal B is communicated to the AND gate 316, which causes the 
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AND gate 316 to generate and communicate a low signal C to the clock receiver 310, 
thereby disabling the clock receiver 310 and causing the internal clock signal 322 to 
maintain its previous value for the duration of the pulse. 

[0038] When pulse signal A generated by the pulse generator 312 or the 
TMslowslope signal 324 is low, signal B from the NAND gate 314 is high. The high 
signal B output from the NAND gate 314 is communicated to the input of the AND gate 
316. When the clock enable signal 326 is high, the AND gate 316 will communicate a 
high signal C to the clock receiver 310, thereby enabling the clock receiver 310. Once 
enabled, the clock receiver 310 returns to comparing the external clock signal 320 to the 
reference voltage 208 and setting the internal clock signal 322 accordingly as described 
above. 

[0039] As can be seen from the logic table 400 of FIG. 4, the clock receiver 310 is 
enabled when the clock enable signal 326 is high and both the TMslowslope signal 324 
and signal B are not set simultaneously. The clock receiver 310 is preferably disabled in 
all other circumstances, thereby holding the internal clock signal 322 at a constant value. 

[0040] FIGS. 5 and 6 illustrate a second embodiment of the present invention, 
wherein FIG. 5 illustrates a clock filter 500 and FIG. 6 illustrates a logic table 600 
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corresponding to the clock filter 500 of FIG. 5. The clock filter 500 is similar to the 
clock filter 300 of FIG. 3, wherein like reference numerals refer to like elements, except 
that the AND gate 316 of FIG. 3 has been replaced with a NAND gate 510 and an 
inverter 512. Furthermore, an enable (EN) line has been added to the pulse generator 
312. 

[0041] The enable line of the pulse generator is communicatively coupled to the 
TMslowslope signal 324. Accordingly, when the TMslowslope signal 324 is low, the 
pulse generator 312 is disabled and the output of the pulse generator, i.e., signal A, does 
not respond to changes in the internal clock. If, on the other hand, the TMslowslope 
signal 324 is high, then the pulse generator 312 is enabled and the output of the pulse 
generator will be pulsed as discussed above with reference to FIG. 3. The output of the 
NAND gate 314, signal B, of FIG. 5 is equivalent to signal B of FIG. 3, that is, signal 
B is low when TMslowslope signal 324 and signal A are both high and is high in all other 
circumstances. Thus, signal B being low indicates that the clock receiver 310 should be 
disabled. 

[0042] The inputs of the NAND gate 510 are communicatively coupled to the 
NAND gate 314 and the clock enable signal 326. If both signal B and clock enable 
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signal 326 are high, then the output of the NAND gate 510, i.e., signal C, is low. The 
inverter 512 inverts signal C to create signal D, which would be high. Thus, when the 
TMslowslope signal 324, signal A, and the clock enable signal 326 are all high, the clock 
receiver is disabled and the internal clock signal 322 is held constant for the duration of 
the pulse signal A. 

[0043] It should be noted that the logic table illustrated in FIG. 6 does not contain 
the combination of the output of the pulse generator 312, i.e., signal A, being high when 
TMslowslope signal 324 is low. This combination is not seen in the clock filter 500 of 
FIG. 5 because the enable line of the pulse generator 312 is communicatively coupled to 
the TMslowslope signal 324. Thus, the pulse signal A may only be high when the pulse 
generator 312 is enabled by a high TMslowslope signal 324. 

[0044] FIG. 7 is a timing diagram illustrating the operation of the clock filter in 
accordance with one embodiment of the present invention, wherein the external clock 
signal 320 of FIG. 7 refers to the external clock signal 320 of FIGS. 3 and 5, the internal 
clock signal 322 of FIG. 7 refers to the internal clock signal 322 of FIGS. 3 and 5, and the 
pulse signal A refers to signal A generated by the pulse generator of FIGS. 3 and 5. 
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[0045] As illustrated in FIG. 7, the internal clock signal 322 is set high when the 
external clock signal 320 is above the reference voltage 208 and is set low when the 
external clock signal is below the reference voltage 208. However, the internal clock 
signal 322 is held constant when the pulse signal A is high. 

[0046] As discussed above, the pulse signal A is set high for a predetermined 
amount of time after a transition of the internal clock signal 322 has been detected. 
When the pulse signal A is high, the internal clock signal 322 is held constant, thus 
preventing noise on the external clock signal 320 around the reference voltage 208 from 
affecting the internal clock signal 322. 

[0047] For example, reference numerals 710 indicate regions in which noise on the 
external clock 320 caused a false slope reversal. Because the pulse signal A is high in 
regions 710, the internal clock signal 322 is held constant, causing the false slope 
reversals near the reference voltage 208 to be ignored. 

[0048] As discussed above, the TMslowslope signal 324 enables and disables the 
clock filter 300 to be operated in a test mode. The TMslowslope signal 324 is preferably 
set and reset by an operator during testing operations. However, it is also preferable that 
the clock filter 300 is not easily enabled accidentally. For example, many times 
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manufacturers fabricate memory devices, such as DRAMs, and test those devices prior to 
delivering those devices to the buyers. The buyers in turn frequently perform tests and 
configure the devices for a specific application. Accordingly, it is preferable that the 
manufacturer be able to easily enable the clock filter, but that the buyer would not easily 
be able to accidentally enable the clock filter. 

[0049] FIG. 8 illustrates a state transition diagram 800 for one method embodiment 
of the present invention which may be used to prevent the clock filter 300 (FIG. 3) from 
being enabled accidentally. The state transition diagram 800 begins in a "TMslowslope 
Inactive" state 810. In this state, the TMslowslope signal 324 (FIG. 3) is low, i.e., 
disabled. Accordingly, in the "TMslowslope Inactive" state 810, the clock filter 300 
(FIG. 3) is disabled and the external clock signal 320 (FIG. 3) is passed through the clock 
receiver 310 (FIG. 3) and is used for the internal clock signal 322 (FIG. 3). 

[0050] Preferably, the state transition diagram 800 changes states based upon 
commands entered by a test engineer. One common method of entering commands is 
through the use of mode register set (MRS) commands. The MRS commands generally 
comprise a key and an address combination. The MRS commands may include a bit to 
indicate whether a customer specific command or a vendor specific command is being 
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selected. In accordance with a preferred embodiment of the present invention, the MRS 
commands are used to transition between states of the state transition diagram 800, 
thereby enabling the clock filter 300. For illustrative purposes only, the description 
contained herein generically refers to these commands as a "Key A" command and a 
"Key B" command. It should be noted, however, that other methods of entering 
commands may be used, and any suitable command or combination of commands may be 
used. 

[0051] The state of the state transition diagram 800 remains in the "TMslowslope 
Inactive" state 810 until a specific command is entered. As illustrated in FIG. 8, if a 
specific command, indicated as "Key A" command, is entered, then the state transition 
diagram 800 transitions from the 'TMslowslope Inactive" state 810 to a "Wait for 2 nd 
Key A command" state 812. For all other entered commands, the state transition 
diagram 800 remains in the 'TMslowslope Inactive" state 810. 

[0052] It has been found that using a sequence of single command entries has a 
higher likelihood of being accidentally entered by a customer. Accordingly, it is 
desirable to use a sequential command sequence that includes multiple entries of a single 
command to reduce the likelihood of a customer accidentally disabling the clock filter 
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300. In FIG. 8, this is illustrated by the "Wait for 2 nd Key A command" state 812, in 
which the state transition diagram 800 waits for a sequential command the same as the 
command used to enter the "Wait for 2 nd Key A command" state 812. Upon receiving 
the sequential command, the state transition diagram 800 transitions from the "Wait for 
2 nd Key A command" state 812 to a "Wait for Key B command" state 814. It should be 
noted that if another command key is entered other than a second "Key A" command, the 
state transition diagram 800 transitions from the "Wait for 2 nd Key A command" state 
812 back to the initial state 'TMslowslope Inactive" state 810 and the clock filter 300 
remains disabled. 

[0053] To further reduce the likelihood of accidentally disabling the clock filter 300, 
it is preferred that the command sequence includes two or more different commands. In 
the embodiment illustrated in FIG. 8, a sequence of two commands are used to enable the 
clock filter 300, e.g., "Key A" and "Key B" commands. More or less commands may be 
used to enable the clock filter 300 within the scope of the present invention. 

[0054] Furthermore, it should be noted that in the preferred embodiment, the state 
transition diagram 800 allows any number of "Key A" commands to be entered prior to 
the entry of a "Key B" command. This allows for noise and the accidental entry of 
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additional "Key A" commands. Accordingly, the state transition diagram 800 remains in 
the "Wait for Key B command" state 814 until a command is received that is not equal to 
a "Key A" command or a "Key B" command. If additional "Key A" commands are 
received, the state transition diagram 800 remains in the "Wait for Key B command" 
state 814. If a command other than "Key A" or "Key B" is received, the state transition 
diagram 800 transitions back to the initial state of "TMslowslope Inactive" state 810, 
thereby preventing the clock filter 300 from being enabled accidentally. 

[0055] Once a "Key B" command is entered, the state transition diagram 800 
transitions from the "Wait for Key B command" state 814 to a "Wait for 2 nd Key B 
command" state 816. Similar to the preferred embodiment discussed above regarding 
receiving sequential "Key A" commands, it is also preferred that sequential "Key B" 
commands are required to be entered to enable the clock filter 300. Accordingly, the 
state transition diagram 800 transitions back to the initial state of "TMslowslope 
Inactive" state 810 if a command other than a "Key B" command is received, thereby 
preventing the clock filter 300 from being enabled accidentally. If, on the other hand, a 
sequential "Key B" command is entered, the state transition diagram 800 transitions from 
the "Wait for 2 nd Key B command" state 816 to a "TMslowslope Active" state 818. 

2002 P 12738 US -22- 



[0056] Upon entry of the "TMslowslope Active" state 818, the TMslowslope signal 
324 (FIG. 3) is set high, thereby enabling the clock filter 300. The clock filter 300 
remains in an enabled state as long as the state transition diagram 800 remains in the 
"TMslowslope Active" state 818. As illustrated, the state transition diagram 800 
remains in the "TMslowslope Active" state 818 until a "TMslowslope Disable" command 
is received. The "TMslowslope Disable" command may be any available command. 
Optionally, the "TMslowslope Disable" command may be a sequence of commands 
similar to that described above to enable the clock filter 300. 

[0057] FIG. 9 illustrates the operation of the state diagram discussed above with 
reference to FIG. 8 in accordance with one embodiment of the present invention. To 
enter the test mode, "Key A" command is placed on the address bus (ADDR BUS). The 
"Key A" command is received on the transition of the external clock signal 320 from 
low-to-high, as indicated by the "Planned Key 'A' Entry #1" 910. Because the state 
diagram illustrated in FIG. 8 allows for two or more consecutive "Key A" commands, a 
preliminary slope reversal, such as that indicated by the dotted circle labeled 908 in FIG. 
9, does not prevent entry into a testing state. Accordingly, an "Accidental Key 'A' Entry 
#1" 912 has no affect. 
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[0058] After a "Planned Key 'A' Entry #2" 914 has been entered by the user, the key 
command on the address bus changes to "Key B" command. Upon entry of the "planned 
'Key B' #2" command 916, the test mode is entered. 

[0059] In the foregoing specification, the invention has been described with 
reference to specific embodiments. However, various modifications and changes can be 
made by one skilled in the art without departing from the scope of the present invention. 
Accordingly, the specification and figures are to be regarded in an illustrative rather than 
a restrictive sense, and all such modifications are intended to be included within the 
scope of the present invention. 

[0060] Although particular embodiments of the invention have been described in 
detail, it is understood that the invention is not limited correspondingly in scope, but 
includes all changes, modifications, and equivalents coming within the spirit and terms of 
the claims appended hereto. For example, different electronic devices may be used, 
different commands may be used, different command sequences may be used, and the 
like. Accordingly, it is understood that this invention may be extended to other 
structures and materials, and thus, the specification and figures are to be regarded in an 
illustrative rather than a restrictive sense. 
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